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APPARATUS AND METHOD FOR FIXATION 
OF OSTEOPOROTIC BONE 


This invention relates to a novel surgical apparatus for use in osteoplasty and 
5 other methods of injecting materials into a subject for medical purposes. Particularly, 
the present invention relates to the surgical treatment of traumatic, pathogenic, or 
osteoporotic bone conditions of the human and other animal body systems and more 
particularly, to a novel apparatus and method for injection of a material into a lesion 
of a vertebral body or other bony structure. 

10 

25 BACKGROUND 

Lesions within the bone can result from osteoporosis, tumor, or other 
pathbgemc causes/ Most conimpri among t^^ 
30 effect of osteoporosis, particularly the female elderly. Osteoporosis is mediated at 

1 5 least in part by genetic defects and a fall in circulating estrogen levels. Although 
calcium replacement therapy can have some beneficial effects, the larger doses of 
calcium involved have other less helpful consequences and accordingly, the prognosis 
for those with bone dcmincralization is not particularly good. Of great concern is the 
fact that every year in the United States there occurs proximately 1 .2 million bone 
20 failures due to osteoporosis. Vertebral compression failures are a major orthopedic 
health concern of the elderly due to the long term debilitating nature of the iiijiiry. 
45. Historically, dslTOpioroticyiniebral body 

treated with bed rest, analgesics, and intravenous hydration during the first week after 
onset of the problem. These stq)S are followed by the prescription of a soft or firm 
^ 25 spinal corset, depending upon the physician's preference. In most cases the corset is 
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not worn because the patient suffers much discomfort and oftentimes greater 
discomfort than that due to the failure of the vertebral body. In any case, this 

conventional approach required extensive hospitalization and bed rest, which often 
results in vciy limited success, chronic pain. an«J fiirther osteoporosis with worsening 
5 conditions of the vertebral body. The costs associated with such extended 
,5 hospitalization and the ni^ative effect on the general health of the patient from such 

piDlonged inactivity should be avoided if possible. 

Traditional surgical techniques employed to alleviate vertebral compression 
failures can involve major invasive surgical techniques with all of the possible 
10 negative consequences. Such techniques have typicafly required pnjlonged patient 
recuperation and unfortunately have met with limited success in aDeviating pain and 

returning the patient to a normal life style. 

More recently efforts have been inade to develop surgi«M] techniques for 

: ofvertebral compression failures of osteoporotic ^^^^ 
15 instnmicnts in a transpedicular approach to penetrate the vertebral body, including a 

standard syringe, and then inject a flowable synthetic bone material or bone cement 
35 direcUy into the vertebnil body through the syringe. This technique of vertebroplasty 

requires that the physician take the utmost care to avoid damage to the spinal cord 
when drilling through the narrow dimensions of the pedicle of fte vertebrae. To 
20 avoid potentially catastrophic results physicians practidng conventional 

vertebroplasty require the use of CAT scanning, biplane fluoroscopy, magnetic 
resonance imapng, or other imaging devices to ensure the proper alignment of the 
instruments, which bore tWugh and By passed V«gh 
availability of CAT scanning or sophisticated biplane fluoroscopy in surgical 
50 25 procedures is limited due to the additional cost associated with equipping surgical 
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' suiteswiUithcnec^saryequipment. Further, to protect against acddcntaUamage to 
U^espinalcoid during theconventional .ranspedicular approach to the vertebral body, 
the patient is typically placed in a res^ining device and stereotaxic procedures are 
^toguidethephysician'sdriUandcannulathroughthepedicle. Duetothe 

5 extraordinary care and precision required in conventional vertebroplasty. the time 
needed to complete the surgery and the cost associated with the procedure can be 
extensive. Further, general anesthetic is not recommended due to the close proximity 
of the physician's instruments to the spinal cord and the associated need to 
communicatewiththepatiem. TOs requirement, however, also causes concern of 

,0 „K,vementofthepatien.dmingthesurgcry;movementwhichcouldh3veserio«. 
consequences should the spinal cord be damaged as a result Scholten et al. in U.S. 
Patents 4.969.888 and 5.108.404 teaches the conventional surgical technique of 
vertebroplasty vrith the additional step of employing a balloon as an ex^ 

^ ^thinWbodyofthevertebraetoc^^^ 
,5 fion^thecent^andagainstthc^rallsofthev TOs additional step to 

conventional ve,tcbroplasty.taught by Scholten etal.. is intended to provide 
additional space vrfthin the vertebral bodyto accept the flowable bone cement through 

the needle (syringe). While the conventional vertebroplasty technique using 
conventional surgical apparatus has the distinct disadvantagecfdnlling through the 

20 pedicle with the potential risk of damage to the spinal column, this additional balloon 
expander employed in the pmcess of Scholten ct al.. provides an addidonal 
. disadvantagebycompressingthenaturallypresentinternalmatrixof^ 

' . •: vertkbraagainsttheWallofthevcrtebralbody;^ : ■ 

bjcction of bone cement into the cavity created by the comprt^g step results in the 
25 formation of an unstrucn.red bolus of bone cement in the center of the vertebral body. 
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Because of the compression of cancellous bone, which as areult lines the walls of 
a,e vertebra, the bone cement which is infused into the vertebral body do« 

a strong, direct, bonding contact with the vertebral waH. thus resulting in a potentially 
weaker post-surgery vertebral body. 
5 There is, therefore, a great need for a surgical technique and associated 

i^munenution by which osteoporotic bone can be safely, expeditiously and 
efficiently treated. There is a particular need for a vertebmplasty procedure and 
associated instnmienlation which provide a safer, faster procedure that ultimately 
results in a repair to the osteoporotic vertebral body wherein the injected material 
10 does not disturb the natural matrix of the canceUous bone, which along with direct 
conuct to the vertebral wall provides a strong, composite matrix. The present 
25 invention pnjvides an apparatus and a method of percutaneous bone failure fixation, 

which satisfies these needs. 

30 ■'. ■ ■ .-■ ■ ■ ■ " ■ ■ SUMMARY OFTim'iNVENnON -; . • 

The process and apparatus of the present invention can be generally used to 
perfom, osteoplasty, that is the introduction of any injectable material into any of the 
bones or tissues of the body. The present invention is particularly smtoble for 
injecting materials into bones which have or are susceptible to compression failure 
20 due to lesions within cancellous bone. More particularly, this invention relates to a 
method and apparatus, involving the injection of materials for the fixation of lesions 
or failures of bones, particularly as a resuk of osteoporosis, tumor, other pathogenic 

45:'- :[ ':: ::/: 

pmcedures. such as. the fixation or prevention^ 
25 although the instrumentation and methods of the present imrention can be used for a 
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wide variety of osteoplasty procedures, such as, failures or lesions in Doncs 

throughout the body. 

An object of the present invention is 10 provide an ^aratus; which is useful 

for the surgical procedure of safely introducing a material into a lesion or space within 

5 or around a bone or tissue. 

Another object of the present invention is to provide a surgical method for 
« safely introducing an injectable material into a lesion or space within or around a bone 

or tissue. 

More particulariy, it is an object of the present invention to provide an 
10 apparanis. which is sized and configured to safely contact or breach the cortical bone 
and estabUsh an introducing channel through the apparatus and through the cortical 
bone into the cancellous bone through which a material can be introduced. The 
material introduced into the interior of the bone can be any biocompatible or 

. therapeutic materials, such as. for example, anuTjiotic^^ 
15 : namral products of ceils, recbmbinant nucldcprod^^ , 
recombinant cells, allograft or autograft bone, bone cement products as are well 
known in the art (such as polymethylmethacrylate and the like), or any other flowable 
35 njaterial useful for therapeutic, prosthetic, or bone strengthening purposes. 

Another object of the present invention to provide an apparatus, which is sized 
20 and configured to be used by a physician to safely introduce a material into the 
cancenous bone of a vertebral body, to the surgical procedure of the present 
invention the apparatus can introduced by direct vision, open or percutaneously, 
. . . li^iroscopicaUy. thorascopically, or by opro surgicd 
be tatroduced into the vertebral body by a variety o^ 
25 example, postero-lateral and lateral and/or bilateral percutaneous approaches and a 
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5 transpcdicular approach. Such introduction of the apparatus can be accomplished 

with or without the conventional requirement for CAT scanning or sophisticated 
biplane fluoroscopy and further can be performed safely using general or local 
anesthetic. No iirigation, evacuation, or use of cancellous bone expanders is required 
5 for the successful use of the apparatus to introduce the material mto the interior of the 
vertebral body. 

Additionally, an object of the present invention is to provide a modular pedicle 
finder, which facilitates the placcmcni of an instrument for penetrating the pedicle of 
a vertebra. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

25 The invention will now be described, by way of ilhistration only, with 

reference to the accompanying drawings. 

; FIG: Vis an 
15 apparatus of the present invention. 

FIG. 2 is an isometric view ofthe assembled Guide wire and Aligning 
Caimulae ofthe present invention. 

FIG. 3 is an isometric view ofthe assembled Delivery cannulac and Plunger of 

the present invention. 

20 FIG. 4 depicts the present invention equipped with an optional syringe system. 

FIG. 5 is a depiction of a guide wire that can be used in the present invention 
having a Luer lock for providing a fluid tight attachment to an infusion device or 
45 . " syringes.; •;■ .>•/*■>.. : ' :\r-. 
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FIG. 6 is a depiction of a delivery cannulac that can be used in the present 
invention, which is configured to be capable of receiving the guide wire shown in 
FIG. 5. 

FIG, 7 is a depiction of the assembled guide wire and delivery cannulae shown 
in FIGs. 5 and 6. 

FIG. 8 is a depiction of a handle configured to be capable of removable 
attachment to the Luer lock of the guide wire shown in HG. 5 or the cannulae shown 
in FIG. 6. 

FIG'S. 9A-C are detail views of the handle shown in FIG. 8. 
HG. 9D is a depiction of an embodiment of the handle shown in FIG. 8 which is 
configured with a removable proximal end for purposes of exposing the proximal end 
of the guide wire for ease in movement, insertion, and extraction trom the delivery 
cannulac. HG. 9E-F shows examples of some of the alternative end attachments, 
\^h can bc eh^loyed^^^^ handle sibown in RG. ?D. HGS: 9H^ dc^^ 
wjmulated T-handle which can be used with the p^^^ 

sectional view of an alternative embodiment of the present invention employing a 
handle having a removable proximal end, which acts an extended impact surface. 

FIG'S. lOA-B are cross-sectjonal side (lOA) and end (lOB) views of the 
phmgcr shown in FIG. 1 OC, which can be used with the apparatus of the present 
invention. FIG. IOC is a depiction of the plunger assembly, which includes the 
handle shown in HG's. lOA-B. FIGS. lOD-J arc various views of an alternative 
embodiment of a plunger that can be used with an embodiment of the present 
invention employing a threaded plunger and ^ 

FIG. 1 1 A is a depiction of a hand c^jcratcd plunger actuator which can be used 
with the apparanis of the present invention. FIG. 1 IB is a depiction of a type of 
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5 syringe which can be used to contain a material for use in the memoa oi me preseni 

iiivcntion. the syringe bdng an example of the type syringe which can be used with 

the hand opaated plunger actuator shown in FIG. 11 A. Unlike other pIungCT 
10 actuators, this plunger actuator of the present invention allows for controlled 

5 injection down to 1 cc of material per squeeze by the operator. FIGS. IIC-E are 
depictions of an alternative muWlumcn-iype cannulae which can be used to contain 
more than one material for simultaneous or sequential injection in the method of the 

present invention. 

FIG. 12A is a depiction of an ^plication of the method of the present 
10 invention, which employs a flexible cannulae for delivery of a material into the bone 
material of a joint, such as. for example into the acetabulum. 

FIG. 12B is an enlarged cross-sectional depiction of the flexible cannulae 
shown in FIG. 12A showing an example of a mechanism which can be employed to 
steer the flexible cannulae. The phmger technologj^^^ 

30 ' flexible shaft for deUvcrylhrougi?^^ 

FIG'S. 13A-B show a specialized impact forceps, which can be used with the 
device of the present invention for purpose of facilitating the entry of the device into 
the bone. 

FIG. 14 and FIG. 15 are depictions of a conventional prior art method of 
20 vertcbroplasty. FIG 14. shows a transpedicular approach to the vertebral body. HG. 
15 shows the deep penetration of the vertebral body using a transpedicular approach. 
HG. 16 is a depiction of the apparatus of the present invention positioned 
' rclativetoasectionalviewofavertebralbodyduring^^ 
preferred embodiment of the present invention. . 
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FIG. 17 is a depiction of a first ahanatrvc embodiment of the method of the 
present invention showing a bilateral approach to the vertebra. Such a bilateral 
approach would preferably be done in order of first one side and then the other, 
although the figure depicts both steps simultaneously. 

FIG. 18 is a depiction of a second ahemative embodiment of the method of the 
present invention in which the cancellous bone is penetrated with minimal disruption 
of the cancellous bone to perntil more extensive infusion of the injectable material. 
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DETAILED DESCRIPTION 
jQ The apparatus and method of the present invention can be adapted for use in 


the introduction of any material into any bone that contains a lesion or sufficient 
25 porosity to accept the materials. The employment of the ^aratus and surgical 

procedure of the present invention in vcrtrfiroplasty; particularly to treat vertebral 
compression faihnes which resuh &om osteoporotic <»n^^^ 
30 . below as Ulustrative of the present invention. 

The following description of the device of the present invention relates to 
FIG'S. 1-3. The apparatus of the present invention is an intraosseous injection device 
generally shown at 1. One object of the present invenUon is to use the injection 
device 1 in a surgical procedure for the safe, effective introduction of materials into a 
20 lesion within a bone, whereby the procedure includes the introduction of a first guide 
wire 2 having a tiered end 4 for efTectivdy breaching the dense compact bone, for 
example, the cortical bone of the vertebra. An aligning cannulae 6 is configured and 

45 . . azcdtoe^ 

goide wb"e 2 serves as a sofi tissue protective sleeve from the 
25 apparatus into the body to the contact point at the exterior surface of the bone being 

SO 
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treated. Tlic aUgning cannulae 6 has a bhint fhst end 8 which has a textured surfece 
to facilitate handling and a Upered second end 10 which during operation of the 
instrument is brought into contact with the bone being treated. 

A delivery cannulae 12, which is sized and configured to easily pass over the 
5 aligning cannulae 6 is inserted over the aligning cannulae 6 for purpose of providing a 
material conduit 1 4 through which the injectable material can be introduced into the 
bone being treated. The delivery cannulae 12 is configured at the delivery cannulae 
distal end 1 6 to have a securing edge 1 8 which serves to hold the delivery cannulae 12 
in place on the outer surface of the bone being treated. The delivery cannulae 
10 proximal end 20 is configured to have a handle retention member 22, which serves to 
releasably secure a handle member 24 to the delivery cannulae 12. The handle 
member 24 can be used for insertion of the delivery cannulae 12 over the aligning 
cannulae 6 and for improving the grip of the user when placing the securing edge 1 8 
oftbe delivery cannulae 12 finnly into position on the omer suifaM of the 
15 .treated. The i^ovablc handie ihembCT 24 also can j>e useful at a lata st^ of the ... 
surgical procedure for providing a secure grip, which may be necessary to disengage 
the delivery cannulae 12 from the surface of the bone prior to extracting the device 1 
fiom the body of the patient. The surface of the delivery cannulae can be provided 
with graduated indicia 30 which provide depth of penetration infomiation during 
20 insertion by the user. 

The guide wire 2 can be provided with graduated guide wire indicia 26 which 
extend torn the tspered end 4 to the more proximal guide wire bhmt end 28. Tie 
guide wire indicia 26 provides a means by which the user can easUy determme the 
depth of insertion of the gmde Wire 2 into thi patimt di^ 
25 the present invention. 
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A plunger member 32 can be provided with an ergonomically configured 
gripping member 34 at a first end which is used by the user to exert pressure on the 
phmger member 32 as it snuggly passes through the material conduit 14 of the 
delivery cannulae 12. TTie second end of thephmger member 32 is configured to 
5 haveabluntsmoothtip36. The fit of the phntger member 32 within the material 
conduit 14 of the delivery cannulae 12 is such that easy sUdmg engagement of the 
plunger is permitted without allowing the passage of the injectoble material 
proximallypast the blunt smooth tip 36. Further, the plmiger member 32 is sized 
diametrically to providea fit within the material conduit 14 so as to permit the release 
10 ofairpmximallypasttheplungerwhilemaintainingthePSloftheinjectedmaterial 
as thephmger forces the material distally through the outer cannulae and into the 
subject Hie user can, upon exerting force against the gripping member 34, displace 
the phmger member 32 through the length of the material conduit 1 4 of the delivery 
cannolae 12 and, in doing so. displace any preloaded mjecuble material out of the 
30 ; - ^ V : 1^ ; astjendof the mat«ial conduit 14. thr^ 

of the guide wire 2 and into the interior of the bone being tteated. 

Alternatively, the movement of the material through the material conduit 14 
^ and into the cancellous bone of the vertebrae could be accomplished by means of a 

syringe system, generally shown in HG. 4, at 38. TTie syringe system of the present 
20 inventioncaninchideafluidconnector40.suchas.forexample,aconventionalLuer 

^ lock, abayonet fitting, a hydraulic quick disconnect fitting, or any other fluid tight 

fittmg as is well known in the art. Hie fluid connector 40 . which would be attached 
V u) the delivery cannulae I2 ,and in fluid tiglttconununication with the rnatcrial co^ 

14 dan W attached directly to a syringe 42. to a syriiige vi^ 
25 alternatively to an automated infiision device as is well know in the art (not shown). 
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The syringe system 42 can be pn>vided with a syringe plunger tip «a. which can 
inch,de one or multiple sealing rings diametrically sized to sHdrf,ly move within *he 
syringe 42 in a manner conventional to syringes but with one or more air passages 

42b to allow the proximal flow of air past thephmgertip42a while the plunger tip 
5 42afoices.hematerialdistallythroughandoutofthesyringe42a The air passages 
42b are sized to permit the flow of air but not the flow of the injecUble material in a 
pn,ximal direction within the syringe 42. Further, the air passages 42b can be 
a^nged on one or more than one annular rings 42c on the phmger tip 42a. When 
multiple air passages 42b are ananged on multiple annular rings 42c it is preferred 
10 that the air passages 42b through one annular ring 42c are offset fiom the air passages 
42b from an adjacent am,ularring42c. The fluid connector 40 can be attached to the 

delivery cannulae 12 in approximate aUgnment to the longitudinal axis of the deHvery 
cannulae 12. at right angles to the longitudinal axis of the delivery cannulae 12. or at 

.: anypbsitiohorarv^gulara^^^ / 
15 p«Tm, fluid flow through the connector into the inaterial conduit 14. :; 

tothepnH«softhepresentinvention.themixingofthe injectable material, 

such as bone cement, could be accompUshed within the syringe system. 

Anotheraltemativemodeofoperationwouldpennitlhemovementofthe 

plunger can be automated by attachment of an electro-mechanical or pneumo- 
20 mechanical servo mechanism which would be under control of the physician. 

Without departing fiom the concept of the present invention presented in 
Figures M. alternative embodiments of the intraosseous injection device and 

of the present invention. 
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As best shovm in ¥IG. 5. a lockmg guide vnre 46. having an attached 
longitudindly aligned male Laer lock 48 and female Uer lock 50 can be provided for 
„sewithacorrespondingaltenu,tivedelive,ycannui.e52.thelocking^^^ 
having co^esponding guide wire conneCon 54. RG. 7 shows the alternative delivery. 
5 cam.«lae52ass«nbledwiththelockingguidewiie46. FIG. 8 shows a locking guide 
wire handle 56. wbich can be secured to the locking guide wi« by the Luer lock 48. 

As best shown m FIG'S. 9A-C, the locking guide wire handle 56 defines a 
longitudinal lumen 58. which is sized and configured to pennitpassageofthe lockmg 
gdde wire 46 as well as the larger cross dimension diameter of thedelivery cannulae 
10 52. TteguidewirehandleSecanbepn.videdwith.viewsloteO.whichmaybe 

equipped with a magnifying or non^agnifying dear cover (not shown). Tie viewing 
slot 60 is sized and configured in the guide wire handle 56 to pennit the user to view 
the graduated guide wire indicia 26 during operatic of the present invention. The 

; aWHtytovi^^^^^ 

■ ,5 ^ proiasaiyieature^ . 
the subsequently positioned digning camiulae and/or outer cannulae. The guide wire 
handle 56 can defineafirst clearance hole 62. which pn)vides cross access to the 

longitudinal lumen 58 and has an orifice diameter sized and configured to correspond 
u, the guide wire 46 and canbe used to hdp drive the aligning camjulae into position. 

20 TT,eguidewirehandle56canbesimilarlyconfiguredtodefineaseconddearance 
bole 66. which serves much the same fimction as the first clearance hole v^th the 
exception that the second dearaice hole U sized and configured to assist in the 
■ -insertionofthelargedelivaycan^^ 
p,ovidedinc«.«-sectionaldia^^^ 

25 hole62orthesecondcleanmcehole66. The handle distal end 68 can be provided 
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5 with . handle L»er connector 70 ^hich co^sponds to connectors 54 of the 

3ltemadvedeliveryc:au»lae52,thusproviding.secure.q.icklyrel«^ 
between the guidewire handle 56 and the alternative delivery cannulae 52. An 
enlarged cross-sectional view of the handle Lner connector 70 is shown in HG. 9B. 
5 Although the Luer type connection disclosed in detail is the preferred means of 
providing the handle connecdon described above, it is within the concept of the 
present invention to provide the handle connection using any known connection 

™eans. ^ as. for example, other threaded connections, snap-fit connections, cotter- 
pin connections, fiiction connecUons. and the like. 
10 The locking guide wire 46 in combination with the attached guide wire handle 

56 and the alternative deUverycannulae52providesavery effective modularpedi^ 

finder which can be used to facilitate the location and penetration of the pedicle of a 
vertebra. The advantageous use of the dtemative delivery cannulae 52 in 

the art. The positioning and direction of insertion of the guide wire 2. or locking 
guide wire 46 can be faciUtated by using image guidance means such as ftaoroscopy. 
CAT scan. MRl or the like. Stereotactic methods and the employment of registration 
diodes can alsobe employed to provide accuracy in guide wire insertion when the 
20 proc^softheinventionispracticedfromanyapproachtothevertebralbody. 

. including theuseofthelockingguide wire 46 to perfonnatranspedicularan^^ 
the vertebiul body. It is also within the concept of the present invention to employ 
' • . ; . rtlwticsystdnstpcoritroltheaccm^ ; 

Asbist8howtiinriC3.9D^o««^ 
25 handle56canbeprovidedwitharemovablepTOximalend72. Theremovable 
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p«xi.alc„d72pc™iuthc.sertoexpc«e,hcproxin,.e„<io.tneg«cev..c^ 

««in.avcme„t,ins«tion.andextractionfion.thcdcUvery.c»^^^^ 
^0VaMepn>xin,a,cnd72ofthcguidcwi.handle56c3„beK.«sab^^ 
U.e guide v,ire handle 56 by anyknownrcle3sbleconnecUonmcans.such^ 

5 ex3^,e.threadedccnnections.snap-fitco„nections.co«er^ 

connections. a.d*elDce.BG-s.9E.Fsho. examples of scmeomealtc^^^^^ 

...cKmen. Which ca^bee^ployed with tbcauen^ativeenabo^^^ 
^,andlcshaw„innG.9D.Anyconfig«ntionfor.hercn.v3b,eproxi»^ 
tt^pn^videsagnppingsurfacefortheuser is within theconceptoftheprcs^^ 

,0 invention. P«f-cdalten«tivee.bodin,cntsoftheren.ov,b,eprox^ 

^esphcrical or oval gripping »rface76(nG.9E) and theT-h«d,efonn 78 CFIG. 
910. Ahcmativebandlesv^ichcanbeused with the preseminventionincludcst^^ 
«^ulatedTWleshowninFlGS.9G-H.nG.91provide.apartial sectional view 

■ of<*ee.bodin>en.ofthe^esentinvcnt«nudH^^ 
,5 p„xin.al eHd^Uatcf arci^ov^le^ optional , ; 

V :-™,rt«aiTface which sunoands and protects the 
member enables the user to attach an impact surface wmcn 

gdde wire if in^pacting the device is necessary during operation. 

FIG'S 1 OA-C show details of an alternative plunger assembly 80 which can 
^vearen,ovablegrippingn,en,ber82.whichissecur«lbyaren.ovablelo^ 

,0 orsinnlarsecuringtnentber.T.eaUernativeplungerasso^^ 

member 82«n,ovedca„be configured to anautomatedinn^ningmeanstnot Shown) 

„«:hlilceauton«tedinfi.iondevices.which.reknowniuthe.rt. Withthe 

: altemaU^^^ 

ph.gcrasseniblyinmoving.hen,aterialthn>u^^^^^^^^ 
2S autontaticallycontrolledbytheusertoavoidoverpressurizingthem^^^^ 
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5 spacesvathinthcbone.Thcplungerassemblyca0bemanufactmedwithal«^^ 

Hwhichisnotremovablc. So configured, the plunger assembly would esscntiaUy 
be that of the earUer described rahary plunger member 32. 
10 . FIGS. lOD-J provide depictions of alternative embodiments of the present 

5 i„veDUon.whichcanuseastandardlhreadedplungerandcannulae(nGS.10D-^^ 
as showi in HGS. lOF-G a long-toeaded or optional mixmg-tip plunger. Such 
embodiments of the present invention provide a controlled insertion of theplunger 
and an inherent resistance to any back pressure fiom the material being injected 
toough the device. FIGS. lOH-J depict alternative handles which can be used with 
10 anyoftheearBerdescnljedembodiinentsofthepresentinventionjparticularlyt^^ 

shown in HGS. 10I>G. The swivel ball gripping member 82a can be used to provide 
caseofmovementoftbeplunger.particularlyoneoftbethreaded.plungersdepictedin 

FIGS. lOD-G. 

FIG llA shows a hand operated plunger wtuator 86. wK^^^^ 

^ ,5 assistii^ftein^gofthcrnateria^ 

i^uon.nG.llBshowsatypc of syringe 42 which can be used to contain the 

material for use in the method of the present invention, the syringe being an example 
^ ofthe type syringe wWch canbeused with thehand operated plunger actuator shown 

InFlG. IIA. Other impelling devices can also be used to assist in the movement of 
20 thematerialintothematerialconduitl4withoutdepartingfiromtheconceptofthe 

40 

present ravcntion. 

The present invention also contemplates the use of an intraosseous injection 

^ 7: ;. . ; devicea^^ 

of providing lumens which incorporate rifling along the bore of the hmien whidi.can 
25 beofassistancetotheuserinenablingtheeaseofmaterialinsertionandallowingthe 
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5 ' ' " escapeofaiToroU,erfluidsoflessco«istfflcythanthatofthematerialb«^^ 

intothcbody. The.oleranccsbew.cealhcphmger.ssemblySaorSOandthesidesof 
the material conduit 14 are such that the inaterial is easily fo^^ 
'° without loss of the material around the ptanger. yet air or other fight consistency 

5 fluids within the material, conduit 14 are allowed to pass away from the body around 

the plimger to freely escape. 

. It is also within the concept of tbepresent invention to provide an intraosseous 
injection device which has multiple hnnens for passage ofthe material into the body. 

A„s allowing for the possibility of mixing of material components at the time of 
,0 injection. AmuIti-lumendevicell6suci.s,hatshowninFIGS.llC-Ecanbeused 
inavariety of situations, to include, for oample. when it is desirableto withhold 
25 „rixingofinjectablematerialcomponeatsaslongasposs,l,lepriortoinjectin^ 
nuxed components intoasubject AS best shown in FIG. HE. the device can be 

■ 15 : configured 

by apply pressure to the ovetriding handle of one of the plungers 1 1 8a. 

no. 12A shows an application of the method of the present invention, which 
employsaflexibledeliverycannulaeSSfbrdeliveorofamaterialintothebone 

material of a joint, such as. for example inU. the acetabuhm, 90. A sealing washer 92 
20 canbeprovidedtoassistinmaintainingthedcliverycannulaeSfiinplaceatthepoint 
ofentryintothebone. FIG. 12BisanoIargedcn,ss.sectionaldepictionofthe 
flexiblecammlaesbowninFlG. l2Ad«wing an example ofa mechanism which can 
'45: : ; be employed tosteertheflexibled^ FIG 12B depicts a steering, 

wir^ i^em 94. which employs at kast two steering wir« 
25 steering wire bemg attached at the delivery cannula* distal end 98 in opposition one to 
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the Other and the other end of the respective steering wires being attached in 
opposition one to the other to a rotary reel control 100 located adjacent to the Luer 
lock of the delivery cannulae. The steering wire system 94 described herein and 
shown in FIG. 12B is provided as an example of a steering system which can be tjscd 
5 in theprcsenl invention. It is. however, within the concept of the present invention to 
employ any of the known means of producing a steerablc catheter. 

Also provided is a spedalizcd impact forceps 102. as shown in ¥lG's. 13A-B. 
The specialized impact forceps can be tjsed in conjunction with the device of the 
presem invention for purpose of facilitating the entry of the device into the bone. The 
10 fanpact forceps 102. an operated by a usermuch like surgical forceps known in the 
art A Wnge member 104 coraiects the opposing halves 106a and 106b of the forceps 
25 allowingthehalvesl06aandl06btobeclosedtightlytogethcr. AforcepslocklOS 

allows the halves 106a and 106b to be locked into a closed position. Unique to the 
;q«xiiMzed forces bft^^^^^ afet groove I10andis««on^^ 

30 15 112 fbuiia in the end of the forceps w^^^ 

closed and locked position. The first groove 1 10 is sized and configured to securely 
grasp the guide wire element 2, which is sized to fit the first clearance hole 62 of the 
guide wire handle. The second groove 1 12 is sized and configured to securely grasp 
an impact comiector element 64. which is sized to fit the second clearance hole 66 of 
20 Ihe guide wire handle. Tbt forcepsl02 can have a striking plate 1 14, which is 

configured to receive driving blows fiom an operator using a mallet, hammer, spring- 
loaded driver, or other impacting device, in combination, the forceps 102 and the first 
bleanmie Me 62 can be used to fa^i 

thebone. Simaarly.thefoicepsl02andthe secondcleararicehole66^«^ 
25 fadlitate driving the delivery cannulae into position. 
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5 In its most general form, the surgical pnxwhue of the present invention 

inchides the step of the physician, by tactile sensation, recognizing the appropriate 
back-pressure on the pltmger gripping member and thereafter ceasing the manual 
^0 inttoductionofinjectablematerialintothecanceUousbone. It is, howevo. within the 

5 scope of the present invention to provide a back-pressure sensor attached to the device 
1 sudi that when the preselected back-pressure on the plunger member is reached, the 
physician is apprised of the siniation and introduction of mataial can be discontinued. 
It is further, within the scope of the present invention for the alternative embodiment 
which provides for automatic infusion of the biomaterial through the device 1, to 
1 0 provide a processor which receives a back-pressure signal at a preselected badc- 
pressure and in turn transmits a pressure cut-off signal to the automatic infusion 
25 system. 

The injection device of the present invention can be fabricated from any of a 
varirtyofmatcrials.whicAarecompatiT)lefOT!Beassu^c^ Exainples 
30 ■[ '■ of oiai materials iTCluddmctanic matma^ and non-metallic materials, vdridi are 

suitable for use in surgical instrument manufacturing processes. Metallic materials 
can include, for example, surgical instnunem grade stamless steel and alloys thereof 
anodized aluminum and alloys thereof, and titanium and alloys thereof to inchide 
nickel-titanium. Non-metalUc materials can include, for example, thermoplastics. 
20 ceramic materials, carbon fiber materials, composite materials, and the like. 

It U within the scope of the present invention to provide a kit, which includes 
the injection device disclosed above. Tlie kit could also include some or all of the 
: alteraative features discussed herein, to include fte m^^^ 
could be jOTvided in an tfpropriatc packagin^^ 
25 auioclaving or other means of sterilization. 
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in operation, the user can insert the guide wire 2 using a posterior lateral 
approach to the vertebral body. This can be safely done w^^ 

or local anesthetic. 

n,c surgical procedure of the present invention can be perfomied by direct 
5 vision.openorperc«laneo.slyjaproscopically.thorascopically.^ 

procedures. Pcrfonnance of the surgery pcrcutaneously is preferred. A very 
toportant feature of the present invention is the abiUty to perform the surgical 
pnKcdure percutaneously by a posterior-lateral approach m addition to the 

,,«^cular approach. TTae use of a posterio-lateral approach is preferred over the 
,0 ,ranspedicul.rappn.achbecausethephysidanca„quickly.effectivelyand,n^^ 
in.poitant]y.safelyperforn,avertebroplastyvrithout bringing any 
closeproximitytothespinalcord. Alternatively, the method ofthep«sent invention 
can be performed usingatranspedicular approach with the linutedbonepen^^^^ 

15 safety over conventional transpedicuiar si»proaches. : 

nie surgical procedure is also easily adapted to be performed on any vertebrae 
6om 13 down, which also rcpresenu a major expansion of applicability over the 

convention methods used. 

Additionally.theprocedurehasbeenshowntobeusefiilinfixingvertebral 

40 20 bodieswhichhavetumorstotheextentthatthetumorsbavenotcausedtheformation 

of holes in the compact bone of the vertebrae adjacent to tiie spinal cord. 

Of majorimportance is the very limited degree of penetration of the guide 

^ ; > . : wire2throughthecompm:tix.neofthevert^^^ Unlike conventiomd . , ' . ; 

vertcbroplasty. which requires CAT scamting to p^^^^^^^^ 
25 conventional vertebroplasty apparatus tiuough the pedicle (see FIG'S 14a«i 15).the 
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present invention can be.o.c«y.and.o«qu5cWy,c^^^^^ 
onlybythcnseofnuo«,scopy. FIG. 14. shows a.c angle nlativc to the spinal 
col^nnfortnu^^cularapp^achesnsingthcconvcntio^ 
ana the conventional proceduxeofdccplypcnetradngintothecancenousboneo^ 
5 vertcbndbody. Tl.e preferred posterior-laten.lappn>ad> to the vertebn. by the 

^2and the penetrauonoftheupc^d end, whichneed only pcnetratethe compact 
conical bone ofthe vertebral body.res«lts in thecanceUousboneofthever^ 
beingleftintact to the aUen«tive.ranspedicularappn>achofthe present invention 
thetranspedicularapproachangleissinulartoconvcnUonalmeflK^ 
,0 in^vcdcon.rolofdepthofpene«.onoftheappar,.usofthepresentinventian 

p„,vidcs greater accuracy and therefore greater safety over conventional appan««s 
andmethods.ltisv«Ukno:«nintheart,asevidencedby.hediscussionmW^ 
Anatomy.38*Ed.(1995)a.page427and454..hat1hcreU.ivdythin-,«mcdext«^ 

^coinp^boned^^ : 
is locatcd^thih. Conventional vert^n^plastydrillsthrc^gh a«dpenetr^es well into ; 
U.ccancenousboneofthevertebrae(seemi5).thussevere.ydi^tingthenat««^ 

i„temalreinforcingstn.c«reofthevcrtebra. to the prefe^ed en.bodin,ent of the 
presen.inventiontheguidewire2dcesnotpene.rate,hro«ghthecancenousbonean^ 
thereforedoesnot radically disrupt.hetrabeculaeofthecancenousbone..m 
20 isthatwhenthebonece^entisinUoducedthrougbthcnu-erialcondnitMofthe 
delivcrycannulae 12.i. flows mto the naturally poronsccnfignration of the intact 
cancellousbonethus.aIdngadvan.ageoi;notreplacing.thenat^^ 

45:' ■ : ':. ■ s^odingth^ . . 

Asdq.ict«iinnG.16:toafirsten,bodto.entof(hep^^ 
25 i„vention.hevertebn.areinfl.edwi.hbonecemcntusingancntryportononedde 
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5 oriy of the vertebra. This unilateral infusicmFOcess docs not complrtd^ 

porous structure of the natural matrix of the cancellous bone; but fills it sufficiently on 
one side to fully support the failed vertebra. 
^° As depicted in TIG. 17, in an alternative embodiment of the process of t^ie 

5 present invention the surgery can be done as a bilateral procedure by first infusing the 
felled vertebra fiom one side and then repeating the entire process from the opposite 
side of the vertebra. By such a bilateral approach, it is possible for the physician, ifhe 
desires, to substantiaUy fill all of the porous stnicture of the cancellous bone of the 
vertebra. 

10 As dejricted in FIG. 1 8. a fiirther alternative embodiment of the process of the 

present mvention could include the step of extending the guide wire 2 further into the 
25 cancellous bone of the vertebra and thus positioning the material conduit 14 of the 

deUvery cannulae 12 more central to the canceUous bone portion of the vertebrae. As 
the porous stnicture ofthe cancellous bone is infi^ . , - 

^° 15 alierriative process, the delivery camiulae^^ ■ 

canceUous bone stnicture while continuing to infuse the bone with bone cement The 
result would be a substantially filled vertebrae using a unilateral process. 

It should be known that while the surgical process of the present invention 
described above is particularly appropriate to provide fixation of vertebral 
20 compression faihires due to osteopon>sis. tumor or other pathogenic bone conditions, 
the process can also be used in cases of trauma induced compression failures. 
Further, it is possible that the process could be used as a preventive or protective 
45, ■ .measure thai couid cpncdvably be used for pati^^^^ 

being extremely likely to suffer vertebial compression failures. 
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What we claim is: 

1. An injection device comprising: 

a delivery cannulae having a proximal end and a distal end. which are 
connected by a cannulae body, and a lumen capable of acting as a material conduit, 
said lumen passing from said proximal end through said distal end; 

an elongated plunger, said plunger being sized and configured to slidably pass 

through said lumen; 

a removable handle configured for secure anachment to said proximal end of 
said delivery cannulae. said delivery cannulae being equipped with a handle retention 
member integrally formed in said proximal end of said deUvery cannulae. 

2. An injection device according to claim 1, fwfha comprisiiig: 

anelongated ginde Wirt, said guide 
comiected by M elongated gdde wire body, said fc^^ 

tapa, said taper being capable of breaching cortical bone sufficient to form a channel 
through said cortical bone; and 

an aligning cannulae having a gripping end and a tapered end. said aligning 
cannulaebeing sized and configured to slidably pass dicumferentially over said guide 
wire and said delivery camiulac being sized and configured to slidably pass 
circumferentially over said aligning cannulae. 

.; ,3. Aaii.jectiondcvice8ccortingtoclairn2, wherein^^^ 
graduated hidida on said giiide wire body. 
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4. An injeciion device according to daim 2. wherem said deBvaycaimulae 
comprises graduated indicia on said cannulae body. 

5. An injection device according to claim 2, wherein said plunger comprises a 
fct end having a gripping member, said first end being connected by a plunger body 
to a second end having a blunt smooth tip. said gripping member comprising a swivel 
joint axially aligned with said plunger. 

6. An injection device accorfing to claim 2. wherein said second end said guide 
wire comprises a gripping member. 

7. An injection device according to claim 2. wherein said aBgning cannulae 
comprises a textured surface on said blunt end. 

' 8. An injatibb dwce according to claim 2, wh^ 
comprises a securing edge on said distal end. 

9. An injection device according to claim 2, wherein said phmger comprises a 
plunger gripping member connected by a plunger body to a btant smooth tip end. 

10. An injection device according to clann 2. further comprising a syringe system 
comiected to said delivery cannulae and in fluid communicaiion with said deUvery 

• cahhulae lunicii. . 
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11. An in) ection device according to claim 1 0, wherein said syringe system is 
removably connected to said delivery cannulac by a connector selected from the 
group consisting of a Lucr lock, a bayonet fitting, and a hydraulic quick disconnect 
fitting. 

12. An injection device according to claim 1 1 , wherein said connector is integral 
with said proximal end of said delivery cannulac and is aligned with the longitudinal 
axis of said delivery cannulac body. 

13. An injection device according to claim 1 0. wherein said syringe system is 
connected to said delivery cannulae by a flexible conduit. 

1 4. An injection device according to claim 2, wherein said guide wire comprises 
an atuched lon^tudinally aligned a Lucr lock connector. 

15. An injection device according to claim 1 4, wherein said handle comprises a 
Luer lock configured to rcleasably engage said Luer lock connector of said guide 
wire, said handle further comprising a longitudinally aligned lumen opening at each 
end of said handle. 


16. An injection device according to claim 11, wherein said connector of said 
delivery cannulac is a Luer lock and said handle comprises a Luer lock configured to 
45 ' rcleasablycngage said Luer lock connector of said dcli^ 

tohcr comprising a longitudinally aligned handle lume^ 
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5 handle.saidhandlelu™enbeingm£hridcon»nun5cationwithsaidh™^ 

delivery cannulae, 

Ai.injectiondeviccaccordingloclaiml6. wherein said handle further 
comprises a view slot sized and configured to pennit viewing of the handle hnnen. 

1 8 An injection device according to claim 16. wherein said handle further 
comprises a fint clearance bole passing through said handle perpendicular to said 
20 handle lumen, said first clearance hole being sized and configured to slidably receive 

said guide wire. 

25 15 Aninjectiondeviceaccordingtoclaiml8.whereinsaidhandlefurther 

comprises a second clearance hole passing tbouEh said handle perpendicular to said 
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:h»,dle lu«en. said second cl^^ 
receive said aligiiing carinulae. 

20. Aninjectiondeviceaccordingtodahn 16,whereinsaidhandlefurther 
comprises a removable proximal Uier lock end. 

21. An iigectioD device accordingto claim 10, wherein said syringe system 
comprises an automated impelling unit 


; \^ ; n. >^iq«tiOndewce 

urut bring 


of said syringe system. 
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10 


15 


23. An injection device according to claim 22. wherein said automated impeOing 
unit further comprises a pressure sensing unit. 

24. An injection device according to claim 2, wherein said device is formed of 
materials selected from the group consisting of stainless steel, anodized aluminum, 
thermoplastics and glass. 


20 25. An injection device according to claim 2, wherein said delivery cannulae 

hmicn comprises multiple lumens. 

25 26. An injection device according to claim 1, further comprising: 

an elongated guide wire, said guide wire having a first end and a second end 
■ ■ ; and said first end b«ngc6nfigu^^ 

^ taper, said taper being capable of b^^ 

through said cortical bone, wherein said delivery cannulae is sized and configured to 
slidably pass circumferentially over said guide wire. 

35 

27. An injection device in combination with an injectable material comprising: 
40 an elongated guide wire, said guide wire having a first end and a second end 

comiected by a elongated guide wirx: body, and said first end being configured with a 
taper, said taper being capable of breaching cortical te^^ 
. : . . through said cortical boric; , 
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an aligoing cannulae having a gripping end and a tapered end, said aligning 
cannulac being sized and configured to slidably pass cinannfcrcntially over said guide 
wire; 

a delivery cannulae having a proximal end and a distal end, which are 
connected by a cannulae body, and a lumen capable of acting as a material conduit, 
said lumen passing torn said proximal end through said distal end, said delivery 
cannulac being sized and configured to slidably pass drcumferentially over said 
aligning cannulae; 

an elongated plunger, said plunger being sized and configured to slidably pass 
through said lumen; 

a removable handle configured for secure attachment to said proximal end of 
said delivery cannulae, said delivery cannulae bemg equipped with a handle retention 
member integrally fomied in said proximal end of said delivery cannulae; and 

an injectable material provided to said lumen ofsaid delivery cannulae, said 
injectable material being of a consistency such that upon controlled movement ofsaid 
plunger, said injectable material will flow through said lumen. 

28. An injection device according to claim 25, wherein said injectable material is 
selected fix)m the group consisting of bone cement, antibiotics, cellular implants, 
natural products of cells recombinant nucleic acid products, protein products of 
recombinant cells. 

29. . An intraosseous injection device comprising; 

an elongated guide wire, said guide wire having a first end and a second end 
connected by a elongated guide wire body, and said first end being configured with a 
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taper, said taper bcmg capable of breaching cortical bone sufficient to foim a channel 
through said cortical bone; 

an aligning cannulae having a gripping end and a tapered end, said aligmng 
cannulae being azed and configured to slidably pass circumfercntially ovct said guide 
wire; 

a delivery cannulae having a proximal end and a distal end, which are 
connected by a cannulae body, and a lumen capable of acting as a material conduit, 
said lumen passing from said proxunal end through said distal end, said delivery 
cannulae being sized and configured to slidably pass circumfercntially over said 
aligning cannula^ 

an elongated plunger, said plunger being sized and configured to slidably pass 

throu£^ said lumen; 

a removable handle configured for secure attachment to said proximal end of 
said delivery cammlac, said delivery cannulae being equipped with a handle retention 
member integrally formed in said proximal end of said delivery cannulae. 

30. A method of introducing an injectable material into a subject, tfie method 
comprising: 

introducing a delivery cannulae to a delivery site of a subject, wherein said 
delivery site is within a bone or adjacent to a bone; and 

inserting material through said delivery cannulae mto said delivery site, 
wherein said inserting step is accomplished by activation of a pltmgcr being moved 
wthin said delivery cannulae. 
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31. A method of introducing an inj ectable matenal into a subject, the method 
comprising: 

introducing a guide wire througji the cortical bone of a subject; 

introducing a delivery canimlae, drcumferentially over said guide wife unti] 
said delivery cannulae contacts said cortical bone, said delivery caimulae having a 
lumen extending the length of said delivery cannulae; 

removing said guide wire from the subject; 

infusing an injectable material into said lumen; and 

infusing said injectable material into the bone of said subject by movement of 
a plunger within said lumen» said plunger being sized and configured to force said 
injectable material througih said linncn while permitting air from with said lumen to 
escape proximaUy past said plunger. 

32. A method bfintroducing an injectable materia 
comprising: 

introducing a guide wire through the cortical bone of a subject; 

introducing an aligning cannulae circumferentially over said guide wire until 
said aligning cannulae contacts said cortical bone; 

introducing a delivery cannulae having a lumen circiunferentially over said 
aligning cannulae until said delivery cannulae contacts said cortical bone; 

removing said guide wire and said aligning cannulae from the subject; 

infusing an ii^ectable material into said lunien, and infusing said injectable 
material into the bone of said subject by mbycmrat of a plunger, said plunger bcinig 
sized and configured to force said injectable material through said lumen of said 
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delivery cannulae while pennitdng air from with said lumen to escape proximaliy past 
said plunger. 

33. A method according to claim 3 1 , wherein said guide wire introducing step is 
into the body of a vertebra of the subject via an approach selected from the group 
consisting of postero-lateral abroach, unilateral q)proach, bilateral approach and 
lateral intiacortica] bone penetration approach. 

34. A method according to claim 3 1» wherein said guide wire introducing step is 
into the body of a vertebra of the subject via a transpedicular ^proach. 

35. A kit for introducing an injectable material into a subject, the kit comprising: 
an injection device according to claim 1; and 

an injectable material selected from the g^ 
antibiotics, whole cellular implants, natural products of cells, recombinant nucleic 
products and protein products of recombinant cells. 

36. A kit according to claim 34, wherein said injectable material is 
polymethylmethacrylate. 

37. A kit according to claim 34 further comprising: 

a syringe for connection to said injection devic^^^^^ . .. 
a container for enclosing said kit^ siud container being packaged for sterile 
delivery and stiitable for ofr-tbe-shelf use. 
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